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Species turnoverLandscape ecological networks (ENs) are used to mitigate the negative effects of commercial forestry plantations
on the biodiversity of southernAfromontane grasslands. Annually-burnedﬁrebreaks are fundamental to plantation
forestrymanagement, as they protect timber compartments from runaway ﬁres. Here,we investigated the effect of
annual burningwith different levels of domestic cattle grazing in ENs, and annual burningwithout domestic cattle
grazing in the adjacent protected area (PA). Sampling was conducted on three ﬁrebreak types, as well as two
natural control grasslands (in the EN and PA each). Theﬁrst two types (PAﬁrebreaks and peripheral EN ﬁrebreaks)
were on either side of the PA/plantation fenceline. The third type, plantation EN ﬁrebreaks, had forestry
compartments on two sides and heavy cattle grazing. Although plant species richness was not signiﬁcantly
affected, plant communities of annually-burned ﬁrebreaks differed compositionally from those in the reference
grasslands in the EN and PA respectively. Furthermore, plant species turnover was lower in annually-burned
ﬁrebreaks than in reference EN and PA grasslands. Comparisons among different annually-burned ﬁrebreak
types showed no difference in plant species richness. However, species composition and turnover of plant
communities in peripheral EN fenceline ﬁrebreaks were similar to those of PA fenceline ﬁrebreaks, but both
differed from the plantation EN ﬁrebreaks. Plant communities of longer-rotation burned grassland in the EN and
PA were similar in species richness, composition and turnover. Overall, these results indicate that annual burning
of ﬁrebreaks leads to homogeneous plant communities but not necessarily a reduction in species richness. High
levels of cattle grazing exacerbate the effect of annual burning, as in plantation EN ﬁrebreaks. We recommend
that managers should control heavy cattle grazing in annually-burned areas to maintain the natural plant
communities as much as possible, while at the same time protecting the plantation blocks from runaway ﬁres
through necessary annual burning of appropriate ﬁrebreaks.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
In line with the global trend over the past 50 years (MA, 2005; UN,
1987; UNEP, 2007), land use change, resulting in habitat transforma-
tion, has caused biodiversity loss in the Grassland Biome in South
Africa (Fairbanks et al., 2000), the second largest biome in South
Africa, occupying ~21% of the country. Indeed, 47% of the biome has
been transformed irreversibly (Fairbanks et al., 2000). Three of the
main contributors to habitat transformation in this biome are dryland
agriculture (22.6%), communal grazing (6%) and commercial plantation
forestry (3.4%) (Fairbanks et al., 2000). After maize, forestry is the
second largest commercial land use in South Africa (DAFF, 2010). Also,: +27 21 808 4807.
jpryke@sun.ac.za (J.S. Pryke),
ghts reserved.after urban development, forestry has the second highest impact on
biodiversity integrity in the wetter eastern parts of the Grassland
Biome (O'Connor and Kuyler, 2009).
Forestry accounts for 1.5% of the total land surface of South Africa
(Fairbanks et al., 2000). However, not all of the land belonging to timber
companies is planted to trees. Of the 1.8 million ha of forestry plantation
in South Africa (Fairbanks et al., 2000), one third of the plantation hold-
ings, which amounts to roughly 500,000 ha, remains permanently
unplanted (Jackleman et al., 2006; Kirkman and Pott, 2002). These
unplanted areas are conﬁgured as landscape ecological networks
(ENs), which consist of interconnected patches of natural habitat
(e.g. indigenous forest or grasslands), special landscape features
(e.g. hilltops or wetlands) and managed areas (e.g. ﬁrebreaks)
(Samways et al., 2010). Together, the different landscape features
of an EN offset the negative effect that alien plantation trees have
on local biodiversity (Kirkman and Pott, 2002; Samways, 2007), as
they enable persistence and movement of individuals and propa-
gules through the commercial forestry matrix at the landscape
spatial scale.
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ularly maintained biotope type in these production landscapes. The pri-
mary purpose of ﬁrebreaks is to protect forestry compartments from
runaway wild ﬁres. Therefore, ﬁrebreaks surround and dissect forestry
plantations. They are burned annually before the start of the dry winter
season. Similar to road verges in other parts of theworld (Eversham and
Telfer, 1994; Ries et al., 2001; Saarinen et al., 2005; Vermeulen, 1994),
ﬁrebreaks form an extensive network throughout the landscape,
which potentially enables them to contribute to biodiversity conserva-
tion in the timber production landscape. Indeed, mown ﬁrebreaks
among timber compartments in the lower-lying Zululand provided
early-successional habitat necessary for the survival of three grasshop-
per species that did not occur anywhere else in the EN (Bazelet and
Samways, 2011).
One of theﬁrst steps for understanding howgrassland biodiversity is
affected by annual burning of ﬁrebreaks is to determine how the plant
community is affected, as plants are the primary producers underpin-
ning survival of higher trophic levels in terrestrial ecosystems. Although
ﬁre can affect higher trophic levels directly, for example, through expo-
sure to ﬂames (Swengel, 2001), studies have reported an indirect effect
of ﬁre on arthropods and birds through changes in vegetation structure
(Jansen et al., 1999; Little et al., 2012). Still others have reported a direct
link between the plant community and arthropods at the species level.
In the KwaZulu-Natal Midlands, for example, ﬂower-inhabiting arthro-
pods persisted in a landscape as long as their host plants were present,
irrespective of the level of disturbance to which they were subjected
(Bullock and Samways, 2005). A study comparing ﬁrebreaks with
biennially-burned grasslands in the southern Drakensberg region
found a signiﬁcant difference in plant species composition, but not for
species diversity (O'Connor et al., 2004). Another study conducted in
montane grassland in the Drakensberg reported that autumn burning
had a smaller effect on plant species composition than winter or spring
burning (Uys et al., 2004). Ultimately, the effect of annual burning
on plant communities will determine the degree to which ﬁrebreaks
can contribute to biodiversity conservation in timber production
landscapes.
The overall aim of this study is to determine the effect of annual
burning with different levels of domestic cattle grazing in ENs, and
annual burning without domestic cattle grazing in the adjacent
protected area (PA). For this reason, three annually-burned ﬁrebreak
types that differ in the level of grazing were identiﬁed. Here we asked:
1) Do plant species richness, composition and turnover of annually-
burned ﬁrebreaks differ from that of longer-rotation burned (reference)
grassland in the EN and PA, respectively? 2) Are ﬁrebreaks with differ-
ent levels of grazing similar in terms of species richness, composition
and turnover? Here, we expect annual burning to cause a shift in plant
species composition, but not necessarily a reduction in plant species,
while the level of cattle grazing drives differences among different ﬁre-
break types. This allowed us to determine the extent to which the
annually-burned ﬁrebreaks, necessary for plantation protection, have
conservation value.
2. Methods
The study took place in the Midlands of KwaZulu-Natal (29°38′S;
29°58′E) in three commercial forestry plantations, and the adjacent
iMpendle Nature Reserve. In this region, pockets of indigenous forest
occur within an expansive matrix of Southern KwaZulu-Natal Moist
Grassland (880–1480 m.a.s.l.), Midlands Mistbelt Grassland (760–
1400 m.a.s.l.) and Drakensberg Foothill Moist Grassland (880–
1860 m.a.s.l.) (Mucina et al., 2005, 2006). These grasslands were
structurally similar, but they differed in terms of botanical composition,
which was the result of differences in the abiotic environment (Mucina
et al., 2006).
Forty-ﬁve sites were spaced out throughout the EN and PA over a
maximum linear spatial scale of 17 km (Fig. 1). We differentiatedbetween longer-rotation burned grassland and annually-burned ﬁre-
breaks. Longer-rotation burned grasslands were burned every 1–3
years on an ad-hoc basis in winter (June to August) for grazing and bio-
diversity conservation purposes. Firebreaks, on the other hand, were
narrow, linear strips that had been burned annually in autumn (April
to May) for the past ~20 years to protect timber compartments from
runaway ﬁres during the dry winter season. All sites were burned
during the 12-month period prior to sampling. Grazing by domestic cat-
tle, belonging to local human communities, was taken as an embedded
factor for all EN sites. PA sites were only grazed by naturally-occurring
indigenous herbivores.
We differentiated among ﬁve types of sites that varied in ﬁre fre-
quency and level of grazing (Table 1). They were (1) longer-rotation
burned grassland within the PA without cattle grazing (=ﬁrst longer-
term set of reference sites for comparison with annually-burned sites)
(n = 8), and (2) longer-rotation burned grassland within the EN with
cattle grazing (=second set of reference sites for comparison with
annually-burned sites) (n = 13) (Table 1). On either side of the PA/
plantation fenceline, we found (3) annually-burned ﬁrebreaks in the
PA without cattle grazing (PA ﬁrebreaks; n = 8) and (4) annually-
burned ﬁrebreaks on the periphery of the plantation with light cattle
grazing (peripheral EN ﬁrebreaks; n = 8) (Table 1). This enabled a
fenceline contrast of annually-burned plant communities with and
without cattle grazing. Lastly, (5) ﬁrebreaks in the EN with pine com-
partments on two sides (plantation EN ﬁrebreaks; n = 8) served as a
conduit for cattle movement and were, consequently, heavily-grazed
(Table 1). This presented an opportunity to determine the combined
effect of annual burning and heavy cattle grazing on plant communities
in ﬁrebreaks.
Grazing intensity in the different grassland and ﬁrebreak types was
estimated from the proportion of times that cattle were encountered
at any one site out of 10 site visits (high: N70%, moderate: 30–60%,
low: b10%) and proportion of bare ground as a result of trampling
(high: N10%, low: b10%) (Table 1). The proportion of bare ground (i.e.
% cover at 10 randomly-position 1 m2 quadrats) was estimated at all
sites during a one week period in November 2012, approximately ﬁve
months after last burn for longer-rotation burned grassland and seven
months after last burn for ﬁrebreaks.
All EN ﬁrebreaks were adjacent forestry compartments, within the
30 m edge zone that was previously determined for invertebrates
(Pryke and Samways, 2012). In contrast, PA ﬁrebreaks were inside the
core zone, which was found N30 m from the pine compartment edge.
We compared annually-burned ﬁrebreaks on either side of the PA/
plantation fenceline to determine whether plant communities inside
the edge zone were similar to those inside the core zone. All longer-
rotation burned grassland sites were in the interior of the PA, and in
wider corridors in the EN N30 m from the pine compartment edge.
In the EN, annually-burned ﬁrebreaks and longer-rotation burned
grasslands were represented by an equal number of sites in each vege-
tation type. However, in the PA, all longer-rotation burned grassland
sites were in Drakensberg Foothill Moist Grassland, because the
MidlandsMistbelt Grassland sectionwas not burned in the year preced-
ing the study (Table 1).
Vegetation was sampled from January to March 2013. Sites were
spaced ~400 m apart. At each site, there were six randomly-orientated
(30m) vegetation transects, and twenty-four randomly-spaced vegeta-
tion quadrats (1 m2). Vegetation quadrats were positioned randomly,
but within 5 m from vegetation transects. The vegetation sampling
method followed that of O'Connor et al. (2004). Unlike ﬁndings on
tallgrass prairie in North America, where spatial scale of measurement
determined magnitude of change caused by ﬁre and grazing on plant
communities (Collins and Smith, 2006), the effect of ﬁre frequency
and burning season on plant communities in South Africa was consis-
tent at different spatial scales (1 m2 and 100 m2) (Uys et al., 2004). In
each vegetation quadrat, we determined the identity and abundance
(% cover) of each plant species as well as the proportion of bare ground
Fig. 1.Map of study region. The study regionwas located in the KwaZulu-NatalMidlands of South Africa. In the ecological network (EN), study sites consisted of eight plantation ﬁrebreaks
(ENFB/plantation), eight peripheral ﬁrebreaks (ENFB/peripheral) and 12 longer-rotation burned reference grassland sites (ENGL/burn). In the adjacent protected area (PA), there were
eight ﬁrebreaks (PAFB) and eight longer-rotation burned reference grassland sites (PAGL/burn). Vegetation type followed Mucina et al. (2005).
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and non-graminoid plant species were photographed to aid identiﬁca-
tion (Gibbs-Russell et al., 1990; Pooley, 2003, 2005; Van Oudtshoorn,
2006). After calculating the mean abundance of each plant species and
the mean proportion of bare ground at each site, a data matrix was
compiled with species and environmental variables in rows, and sites
in columns.
We conducted three types of analyses: comparisons of plant species
richness, composition and turnover among types of sites presented in
Table 1. Using SAS 5.1 software, we compared total species richness
(with normal distribution) and bare ground (with reverse Gaussian dis-
tribution) using a generalized linear model (GLM) with a log-link func-
tion among theﬁve different types of sites.We used Least SquareMeans
post-hoc test to determine whether annual burning with and without
cattle grazing had a signiﬁcant differences in total species richness and
bare ground cover.
In addition,we used a generalized linearmixedmodel in R statistical
software (R Development Core Team, 2011) using the lme4 package
(Bates and Sarkar, 2007) to compare plant species richness among the
ﬁve types of sites (Table 1). Vegetation typewas added as random effect
to the model (McCulloch et al., 2008). These data were non-normal, al-
though ﬁtted a Poisson curve (bare ground ﬁtting a reverse Gaussian
distribution) when a likelihood ratio test was performed. Thus, a
GLMM ﬁt by a Laplace approximation and with a Poisson distribution
was used (Bolker et al., 2009). Post-hoc analyses were performed onTable 1
A summary of burning frequency, burning season and approximate grazing intensities at the
longer-rotation burned (reference) grassland in the PA, ENFB/plantation = ﬁrebreaks in the
with a forestry compartment on one side and the PA fenceline on the other, PAFB = ﬁrebreak
Class Sample size Fire frequency
ENFB/plantation n = 8 Annual
ENFB/peripheral n = 8 Annual
PAFB n = 8 Annual
ENGL/burn n = 13 1–3 years
PAGL/burn n = 8 1–3 yearssigniﬁcant factors using a Tukey post-hoc test in the R package
multcomp (Hothorn et al., 2008). Differences were signiﬁcant when p-
values were b0.05. However, because this is a landscape level study
with high intrinsic variability, we also reported on near-signiﬁcant
results with p-values b 0.1.
To calculate the compositional differences among various types of
sites, we used PRIMER 6.0 software, with data square-root transformed
to reduce the effect of dominant species (PRIMER-E, 2008). A resem-
blance matrix was created using the Bray–Curtis similarity index and
data were analyzed with permutational multivariate analysis of vari-
ance (PERMANOVA) (Anderson, 2001) with 9999 unrestricted permu-
tations of raw data to determine whether annual burning with and
without cattle grazing had a signiﬁcant effect on plant species composi-
tion. These data were analyzed on the overall effects and pairwise
effects.
Species turnover is deﬁned as themagnitude of change in identity of
plant species from one site to the next along a spatial or environmental
gradient (Anderson et al., 2011). To compare species turnover, stan-
dardized species abundance data were transformed to presence/
absence data. From this data matrix, a Bray–Curtis similarity matrix
was created in PRIMER 6.0 software. Permutational multivariate analy-
sis of dispersion (PERMDISP) with 9999 permutations was used to
determine whether annual burning with and without cattle grazing
had a signiﬁcant effect on the dispersion of data. It involved measuring
distance from site to centroid (deﬁned as the geographical center for adifferent sites. ENGL = longer-rotation burned (reference) grassland in the EN, PAGL =
EN with forestry compartments on two sides, ENFB/peripheral = ﬁrebreaks in the EN
s in the PA adjacent the plantation fenceline.
Burning season Bare ground Cattle occurrence
Autumn N10% High (N70%)
Autumn b10% Low (b10%)
Autumn b10% Low (b10%)
Winter b10% Moderate (~50%)
Winter b10% Low (b10%)
Table 2
Comparing plant species richness among the ﬁve types of sites using generalized
linear models (GLM, with normal distribution) and generalized linear mixed
models (GLMM) with vegetation type as random variable. ENGL = longer-rotation
burned (reference) grassland in the EN, PAGL = longer-rotation burned (reference)
grassland in the PA, ENFB/plantation = ﬁrebreak in the EN with pine compartments
on both sides, ENFB/peripheral = ﬁrebreak in the EN adjacent the PA, PAFB = ﬁrebreak
in the PA adjacent the plantation. Results are displayed, ﬁrstly, for Drakensberg Foothill
Moist Grassland (DBerg), secondly, for Midlands Mistbelt Grassland (MBelt) and, lastly,
for the two vegetation types combined (combined). Signiﬁcant (*p b 0.05, **p b 0.01
and ***p b 0.001) and near signiﬁcant (#0.05 b p b 0.01) differences in plant species rich-
ness were indicated with a less than (b) symbol.
Comparison DBerg
Z-value
MBelt
Z-value
Combined
Z-value
ENFB/plantation↔ PAFB −0.05 −1.28 −1.98
ENFB/plantation↔ ENFB/peripheral 0.30 1.34 −2.34
ENFB/peripheral↔ PAFB 0.25 0.06 0.36
PAFB b PAGL −1.91# – 2.38
ENFB/peripheral b PAGL −1.65# – −2.03
ENFB/plantation b PAGL −1.97* – −4.31***
PAGL↔ ENGL 0.10 – 0.14
ENFB/plantation b ENGL −1.92# −1.90# −4.95***
ENFB/peripheral↔ ENGL −1.62 −0.47 −2.43
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distances of different groups using ANOVA (Anderson, 2006).
3. Results
3.1. Species richness
Differences in plant species richness among the three different
annually-burned ﬁrebreak types were not signiﬁcant (Fig. 2, Table 2).
Similarly, there were no signiﬁcant differences when we compared
longer-rotation burned reference grassland in the EN with that in the
PA. However, plant species richness in heavily-grazed plantation EN
ﬁrebreaks (mean ± standard error: 61.25 ± 7.3) was signiﬁcantly
less than in longer-rotation burned reference grassland in the EN
(mean± standard error: 76.21 ± 6.0) as well as PA (mean ± standard
error: 78.88 ± 5.0) (Fig. 2, Table 2). Near-signiﬁcant differences were
found when comparing plant species richness of annually-burned PA
ﬁrebreaks and lightly-grazed peripheral EN ﬁrebreaks with longer-
rotation burned (reference) grassland in the PA (Fig. 2, Table 2).
3.2. Species composition and turnover
3.2.1. Comparing annually-burned ﬁrebreaks with longer-rotation burned
grassland
There was a signiﬁcant difference in plant species composition
between annually-burned PA ﬁrebreaks and longer-rotation burned
reference grassland in the PA (Fig. 3; Table 3). In addition, species turn-
over of annually-burned PA ﬁrebreaks (18.60 ± 1.0 mean deviation
from centroid (MDC)) was signiﬁcantly less than that of longer-
rotation burned reference grassland in the PA (26.92 ± 1.5 MDC)
(Table 3).
In Midlands Mistbelt Grassland in the EN, there were signiﬁcant dif-
ferences in plant species composition when comparing any of the
annually-burned ﬁrebreak types with longer-rotation burned grassland
(Fig. 3, Table 3). In this grassland type, species turnover was also signif-
icantly less in annually-burned peripheralﬁrebreaks (19.53±1.3MDC)
than in longer-rotation burned grassland (35.05 ± 2.5 MDC) in the EN
(Table 3).
In contrast, in Drakensberg Foothill Moist Grassland, there were no
differences in plant species composition or turnover when comparingFig. 2. Comparison of plant species richness among theﬁve types of sites found in Table 1. ENGL
(reference) grassland in the PA, ENFB/plantation= ﬁrebreak in the ENwith pine compartments
the PA adjacent the plantation.any of the annually-burned EN ﬁrebreak types with longer-rotation
burned grassland in the EN (Table 3).
Annually-burned PA ﬁrebreaks contained 80% of the 182 plant
species that occurred in longer-rotational burned, reference grassland
in the PA. Furthermore, annually-burned peripheral EN ﬁrebreaks
contained 52% (155 spp.) and annually-burned plantation ﬁrebreaks
contained 68% (200 spp.) of the 294 plant species documented in
longer-rotational burned grassland in the EN.3.2.2. Comparing different ﬁrebreak types
Comparing plant species composition and turnover of ﬁrebreaks on
either side of the plantation/PA fenceline (peripheral EN ﬁrebreaks vs.
PA ﬁrebreaks) showed that they supported plant communities similar
in composition. The only signiﬁcant difference was in species turnover,
which was greater in PA ﬁrebreaks than in peripheral EN ﬁrebreaks for
the one vegetation type (Table 3).
In Midlands Mistbelt Grassland, there were signiﬁcant differences in
plant species composition when comparing plantation EN ﬁrebreaks= longer-rotation burned (reference) grassland in the EN, PAGL= longer-rotation burned
onboth sides, ENFB/peripheral= ﬁrebreak in the ENadjacent the PA, PAFB= ﬁrebreak in
Table 3
Summary of comparisons among the ﬁve types of sites. We compared plant species
composition using permutational multi-variate analysis of variance (PERMANOVA)
and plant species turnover using permutational multi-variate analysis of dispersion
(PERMDISP). ENGL = longer-rotation burned (reference) grassland in the EN, PAGL =
longer-rotation burned (reference) grassland in the PA, ENFB/plantation = ﬁrebreak in
the EN with pine compartments on both sides, ENFB/peripheral = ﬁrebreak in the
EN adjacent the PA, PAFB = ﬁrebreak in the PA adjacent the plantation. Results are
displayed separately for the two vegetation types: Drakensberg Foothill Moist Grass-
land (DBerg) and Midlands Mistbelt Grassland (MBelt). Signiﬁcant (*p b 0.05,
**p b 0.01 and ***p b 0.001) and near signiﬁcant (#0.05 b p b 0.01) differences in
plant species richness were indicated.
Constant
factors
Comparison PERMANOVA
t-value
PERMDISP
t-value
DBerg PAGL↔ PAFB 1.658** 3.738**
DBerg PAGL↔ ENFB/plantation 1.874** 2.661*
DBerg PAGL↔ ENFB/peripheral 1.805** 1.342
DBerg PAGL↔ ENGL 1.142 1.103
DBerg ENGL↔ ENFB/plantation 1.290 0.679
DBerg ENGL↔ ENFB/peripheral 1.271# 1.403
DBerg ENFB/plantation↔
ENFB/peripheral
1.253 2.895*
DBerg PAFB↔ ENFB/peripheral 1.072 2.394
DBerg PAFB↔ ENFB/plantation 1.473* 4.433*
MBelt ENGL↔ ENFB/plantation 1.607* 1.026
MBelt ENGL↔ ENFB/peripheral 1.356* 4.166***
MBelt ENFB/Plantation↔
ENFB/peripheral
1.674* 9.297*
MBelt PAFB↔ ENFB/peripheral 0.799 5.691*
MBelt PAFB↔ ENFB/plantation 1.577* 6.927*
ENGL/burn DBerg↔ MBelt 1.429** 0.753
PAFB DBerg↔ MBelt 1.722* 8.269*
ENFB/peripheral DBerg↔ MBelt 1.995* 1.798
ENFB/plantation DBerg↔ MBelt 0.851 0.806
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EN ﬁrebreaks (38.93 ± 1.6 MDC) was signiﬁcantly greater than that of
the other two ﬁrebreak types: peripheral EN ﬁrebreaks (19.53 ± 1.3
MDC) and PA ﬁrebreaks (27.33 ± 0.4 MDC) (Table 3).
In Drakensberg Foothill Moist Grassland, plant species composition
of plantation EN ﬁrebreaks differed signiﬁcantly from PA ﬁrebreaks,
but not from peripheral EN ﬁrebreaks (Table 3). Species turnover of
plantation EN ﬁrebreaks (35.65 ± 3.7 MDC) was signiﬁcantly greaterFig. 3. 2Dmulti dimensional scaling (MDS) plot of plant species composition. Based on a Bray–
different ﬁrebreak (FB) types and longer-rotation burned grassland (GL) in the ecological netwo
pine compartments on both sides, ENFB/peripheral = ﬁrebreak in the EN adjacent the PA, PAFB
the two vegetation types: MBelt = Midlands Mistbelt Grassland and DBerg = Drakensberg Fothan that of the other two ﬁrebreak types: peripheral EN ﬁrebreaks
(23.61 ± 1.9 MDC) and PA ﬁrebreaks (18.60 ± 1.0 MDC) (Table 3).
3.2.3. Comparison of Drakensberg Foothill Moist Grassland and Midlands
Mistbelt Grassland
Overall plant species composition of the two grassland types
(Drakensberg Foothill Moist Grassland and Midlands Mistbelt Grass-
land)was signiﬁcantly different, but species turnover of the two vegeta-
tion types was similar (Table 3). The exceptions were annually-burned
plantation ﬁrebreaks in the EN,where plant species composition of sites
in Drakensberg Foothill Moist Grassland resembled that in Midlands
Mistbelt Grassland (Table 3), and PA ﬁrebreaks where species turnover
was greater in Midlands Mistbelt Grassland (27.33 ± 0.4 MDC) than in
Drakensberg Foothill Moist Grassland (18.60 ± 1.0 MDC).
3.2.4. Bare ground. The proportion of bare ground, which could be
indicative of cattle grazing pressure due to trampling, in plantation EN
ﬁrebreaks (mean percentage cover ± standard error: 16.20 ± 3.4)
was signiﬁcantly greater than in any of the other annually-burned ﬁre-
breaks or longer-rotation burned grasslands (Table 4).
Longer-rotation burned reference grassland sites in the EN
(mean percentage cover ± standard error: 7.53 ± 2.0) had a signiﬁ-
cantly greater proportion of bare ground than longer-rotation burned
grassland sites in the PA (mean percentage cover ± standard error:
5.458 ± 1.0). In turn, longer-rotation burned reference grassland sites
in the PA had a signiﬁcantly greater proportion of bare ground than
annually-burned ﬁrebreaks in the PA (mean percentage cover ±
standard error: 3.463 ± 0.8) (Table 4).
4. Discussion
4.1. Effect of annual burning
Overall, grassland plant communities changed in response to annual
burning. Plant species richness of the three annually-burned ﬁrebreak
types was consistently less than in longer-rotation burned reference
grassland in the PA. However, the reduction in plant species richness
was only signiﬁcant when annual burning was combined with heavy
cattle grazing, such as was found in plantation EN ﬁrebreaks. StudiesCurtis resemblance matrix, an MDS plot was constructed for plant species composition for
rk (EN) and protected area (PA) respectively. ENFB/plantation= ﬁrebreak in the ENwith
= ﬁrebreak in the PA adjacent the plantation. The dashed line indicates the separation of
othill Moist Grassland.
Table 4
Comparing bare ground cover among the ﬁve types of sites using generalized linear
models (GLM, with normal distribution). ENGL = longer-rotation burned (refer-
ence) grassland in the EN, PAGL = longer-rotation burned (reference) grassland in
the PA, ENFB/plantation = ﬁrebreak in the EN with pine compartments on both
sides, ENFB/peripheral = ﬁrebreak in the EN adjacent the PA, PAFB = ﬁrebreak in
the PA adjacent the plantation. Results are displayed, ﬁrstly, for Drakensberg Foothill
Moist Grassland (DBerg), secondly, for Midlands Mistbelt Grassland (MBelt). Signiﬁ-
cant (*p b 0.05, **p b 0.01 and ***p b 0.001) and near signiﬁcant (#0.05 b p b 0.01)
differences in bare ground cover were indicated with a less than (b) symbol.
Comparison DBerg Z-value MBelt Z-value
ENFB/plantation N ENFB/peripheral −4.91*** −4.13***
ENFB/plantation N PAFB 5.18*** 5.18***
ENFB/peripheral = PAFB 0.76 1.45
PAFB b PAGL −2.51* –
ENFB/plantation N PAGL 4.78*** –
ENFB/peripheral = PAGL −1.84# –
PAGL N ENGL −2.14* –
ENFB/plantation N ENGL 5.45*** 3.49***
ENFB/peripheral = ENGL 0.15 −1.59
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or neutral response of plant species richness to ﬁre frequency and burn-
ing season (O'Connor et al., 2004; Uys et al., 2004). Our results concur
with ﬁndings in North American tallgrass prairie (Collins et al., 1995;
Collins and Calabrese, 2012; Koerner and Collins, 2013; Veen et al.,
2008) and South African savanna (Koerner and Collins, 2013)where an-
nual burning resulted in plant species loss.
Previous studies have shown that plant species composition is more
sensitive to changes in ﬁre regime in South African grassland than spe-
cies richness (O'Connor et al., 2004;Uys et al., 2004). Here, we found an-
nual burning to cause a shift in plant species composition and a
reduction in plant species turnover. Our ﬁndings agree with other stud-
ies, both nationally and internationally, where annual burning homoge-
nized tallgrass prairie in North America (Collins, 1992; Collins and
Smith, 2006) and grassland in South Africa (Uys et al., 2004), and
changed plant species composition in savanna in South Africa (Smith
et al., 2013).
4.2. Effect of annual burning and cattle grazing
Plant species richness, composition and turnover of peripheral EN
ﬁrebreakswith light cattle grazingwere similar to those in PA ﬁrebreaks
without cattle grazing. However, these ﬁrebreak types both differed sig-
niﬁcantly from plantation EN ﬁrebreaks, which were heavily-grazed by
cattle. The pattern of grazing in annually-burned ﬁrebreaks can change
plant species composition (O'Connor et al., 2004). Indeed, heavily-
grazed, annually-burned grassland differed signiﬁcantly from biennially
or triennially-burned grassland grazed at lower intensities in Mpuma-
langa (Boakye et al., 2013).
Also, within plantation EN ﬁrebreaks, plant species composition of
the two vegetation types did not differ. Plant communities of plantation
EN ﬁrebreaks in Midlands Mistbelt Grassland were similar to those in
Drakensberg Foothill Moist Grassland. This indicates that grassland
plant communities in plantation EN ﬁrebreaks are being simpliﬁed by
annual burning and heavy grazing. The simpliﬁcation of natural plant
communities was also recorded for upland and lowland areas that
were frequently-disturbed in tallgrass prairie (Gibson and Hulbert,
1987). Here, heavy grazing in annually-burned ﬁrebreaks had a strong
homogenizing, simplifying and impoverishing effect on plant communi-
ties, and should, from conservation point of view, be avoided.
4.3. Effect of annual burning in Midlands Mistbelt Grassland vs.
Drakensberg Foothill Moist Grassland
The classiﬁcation of the two vegetation types depended on underly-
ing abiotic variables (Mucina et al., 2006). Therefore,we took vegetation
type as a surrogate for these variables. Within Midlands MistbeltGrassland, plant species composition of both annually-burned EN ﬁre-
break types differed signiﬁcantly from longer-rotation burned grassland
in the EN. This was not the case for Drakensberg Foothill Moist Grass-
land where no such differences were signiﬁcant. This suggests that
some vegetation types, indicating a certain collection of abiotic vari-
ables, are more sensitive to the effects of annual burning than others.
Sensitivitymight be linked to climate, topography and/or soil character-
istics. It was, on average, 1.2 °C cooler (mean annual temperature:
14.6 °C) with ~four times as many frost days (mean: 26 days) in the
higher-elevation Drakensberg Foothill Moist Grassland (Mucina et al.,
2006). In addition, apedal, plinthic soils in Midlands Mistbelt Grassland
were derived from the shale and sandstone; whereas deep, well-
drained soils in Drakensberg Foothill Moist Grassland were derived
frommudstone, sandstone and dolerite (Mucina et al., 2006). Soil mois-
ture and depth, and topography inﬂuenced primary productivity
(Briggs and Knapp, 1995), which, in turn, inﬂuenced response of grass-
land plant communities to ﬁre and grazing in North America (Abrams
et al., 1986; Harrison et al., 2003). It is possible that some of these envi-
ronmental variables also inﬂuenced sensitivity of plant communities to
the effects of annual burning.
4.4. Edge effects in ﬁrebreaks
Interestingly, neither plant species richness nor plant species com-
position of plant communities within peripheral EN ﬁrebreaks, which
were effectively all inside the edge zone (Pryke and Samways, 2012),
differed from PA ﬁrebreaks N 30 m from the plantation edge. There
are a few possible explanations for this phenomenon. The ﬁrst one con-
cerns the responsiveness of plant communities compared to more mo-
bile taxa. Firebreaks have been in their current positions for the last
20 years i.e. since the forestry plantations were established. The width
of the edge zone (30 m) was originally determined using grasshoppers
(Samways and Moore, 1991) and butterﬂies (Pryke and Samways,
2001), and later conﬁrmed using various other invertebrate taxa
(Pryke and Samways, 2012). An edge zone of similar size was found
in Austrian dry grassland using grasshoppers (Bieringer and Zulka,
2003). While the sharp transition from pine compartment to grassland
affected behavior of butterﬂies (Pryke and Samways, 2001) and life
cycle of grasshoppers (Bieringer and Zulka, 2003), perennial plant spe-
cies might take longer to respond to these changes than invertebrates.
Alternatively, it is possible that plants might not respond directly to
differences in vegetation structure and associated changes in irradiance
and water availability. It is possible that they might respond indirectly,
for example, to invasion of alien invasive plants (e.g. Rubus spp.) along
grassland edges (Le Maitre et al., 2002; Richardson and Van Wilgen,
2004). There can be a consistently negative effect of invasive alien
plant species on indigenous diversity and ecosystem function in the
African context (Van Wilgen et al., 2008). If alien invasion determines
the width of edge zone for plants, it places a new priority on effective
control of these species.
Lastly, similarities in plant communities at different distances from
the plantation edge might be caused by the effect of annual burning
through its effect on soil moisture and nutrient status (Fynn et al.,
2003; O'Connor et al., 2004; Mills and Fey, 2004), which is shown to
contribute to edge effects of transformed landscapes on natural ecosys-
tems elsewhere (Jagomagi et al., 1988; Li et al., 2007). If annual burning
is one of the factors contributing to edge effect of timber compartments
on grasslands, this management practice could effectively increase the
size of the edge zone, which, in turn, could affect the size of the valuable
interior zone necessary for conservation of non-generalist plant species
in ENs.
4.5. Management implications
Annual burning is not ideal from a biodiversity perspective, as it
changes the composition and species turnover (i.e. homogenizes) of
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conserved in longer-rotation burned grassland. Furthermore, annual
burning makes grassland plant communities more susceptible to the
effects of intense grazing, which, in turn, reduces plant species richness.
However, we acknowledge that the management practice of annual
burning is necessary from an economic, plantation protection point
of view. Therefore, we urge managers (1) to limit the amount of
annually-burned grassland in ENs to the minimum necessary for
protection of the forestry plantation estates, and (2) to regulate grazing
by domestic cattle for the ﬁrst few months after ﬁre to low intensities
in these areas to prevent species loss from these fragile areas.5. Conclusion
Annual burning of ﬁrebreaks does not seem to beneﬁt plant diversi-
ty, as it results in homogenization and shifts in plant communities in the
presence (EN) and absence (PA) of cattle grazing. Furthermore, heavy
cattle grazing exacerbates the effect of annual burning on plant commu-
nities, leading to elevated levels of bare ground, species loss, and chang-
es in species composition and turnover, as was the case for plantation
EN ﬁrebreaks. However, ﬁrebreaks are a necessary component of ENs,
as they protect standing timber compartments from runaway ﬁres.
Therefore, we recommend that access of domestic cattle to ﬁrebreaks
should be strictly controlled, particularly during the ﬁrst few months
after burn, as this should aid recovery and long-term persistence of
the natural plant communities.Acknowledgments
We thankK. Spies andD. Van Zyl for ﬁeld assistance; J. Shuttleworth,
O. Sibaya and the Boston community (speciﬁcally G. Bullock, C.
McKerrow and H. Smetherson) for providing maps, accommodation at
ﬁeld sites, technical assistance, practical advice and local knowledge;
C. Grant and F. de Wet for assistance with identiﬁcation of plants; and
Ezemvelo KZN Wildlife and Mondi for allowing sampling on their
properties. Also, we thank D.J. Kotze for recommendations in how to
improve the statistical analyses of this manuscript. The work is based
upon research supported by the Mondi Ecological Network Programme
(MENP) and the National Research Foundation (NRF) (Grant No:
78652). Any opinion, ﬁndings and conclusions or recommendations
expressed in this material are those of the authors and therefore the
NRF does not accept any liability in regard thereto.References
Abrams, M.D., Knapp, A.K., Hulbert, L.C., 1986. A ten-year record of aboveground biomass
in a Kansas tallgrass prairie: effects of ﬁre and topographic position. American Journal
of Botany 73, 1509–1515.
Anderson, M.J., 2001. A newmethod for non-parametric multivariate analysis of variance.
Austral Ecology 26, 32–46.
Anderson, M.J., 2006. Distance-based tests for homogeneity of multivariate dispersions.
Biometrics 62, 245–253.
Anderson, M.J., Crist, T.O., Chase, J.M., Vellend, M., Inouye, B.D., Freestone, A.L., Sanders,
N.J., Cornell, H.V., Comita, L.S., Davies, K.F., Harrison, S.P., Kraft, N.J.B., Stegen, J.C.,
Swenson, N.G., 2011. Navigating the multiple meanings of beta diversity: a roadmap
for the practicing ecologist. Ecology Letters 14, 19–28.
Bates, D.M., Sarkar, D., 2007. Lme4: linear mixed-effects models using S4 classes. R pack-
age version 0.99875-6.
Bazelet, C.S., Samways, M.J., 2011. Relative importance of management vs. design for im-
plementation of large-scale ecological networks. Landscape Ecology 26, 341–353.
Bieringer, G., Zulka, K.P., 2003. Shading out species richness: edge effect of a pine planta-
tion on the orthoptera (Tettigoniidae and Acrididae) assemblage of an adjacent dry
grassland. Biodiversity and Conservation 12, 1481–1495.
Boakye, M.K., Little, I.T., Panagos, M.D., Jansen, R., 2013. Effects of burning and grazing on
plant species percentage cover and habitat condition in the highland grassland of
Mpumalanga Province, South Africa. The Journal of Animal and Plant Sciences 23,
603–610.
Bolker, B.M., Brooks, M.E., Clark, C.J., Geange, S.W., Poulsen, J.R., Stevens, M.H.H., White,
J.S.S., 2009. Generalized linear mixedmodels: a practical guide for ecology and evolu-
tion. Trends in Ecology and Evolution 24, 127–135.Briggs, J.M., Knapp, A.K., 1995. Interannual variability in primary production in tallgrass
prairie: climate, soil moisture, topographic position and ﬁre as determinants of
aboveground biomass. American Journal of Botany 82, 1024–1030.
Bullock, W.L., Samways, M.J., 2005. Conservation of ﬂower-arthropod associations in
remnant African grassland corridors in an afforested pine mosaic. Biodiversity and
Conservation 14, 3093–3103.
Collins, S.L., 1992. Fire frequency and community heterogeneity in tallgrass prairie
vegetation. Ecology 73, 2006.
Collins, S.L., Calabrese, L.B., 2012. Effects of ﬁre, grazing and topographic variation on
vegetation structure in tallgrass prairie. Journal of Vegetation Science 23, 563–575.
Collins, S.L., Smith, M.D., 2006. Scale-dependent interaction of ﬁre and grazing on com-
munity heterogeneity in tallgrass prairie. Ecology 87, 2058–2067.
Collins, S.L., Glenn, S.M., Gibson, D.J., 1995. Experimental analysis of intermediate distur-
bance and initial ﬂoristic composition: decoupling cause and effect. Ecology 76,
486–492.
DAFF, 2010. Abstract of South African Forestry Facts for the Year 2008/2009. Forestry
South Africa (Downloaded from http://forestry.daff.gov.za/webapp/ResourceCentre/
Documents/Forestry_Sector_Reports_And_Statistics/FSA_-_Abstracts_2009.pdf on 19
May 2013).
Eversham, B.C., Telfer, M.G., 1994. Conservation value of roadside verges for stenotopic
heathland Carabidae: corridors or refugia? Biodiversity and Conservation 3, 358–545.
Fairbanks, D.H.K., Thompson, M.W., Vink, D.E., Newby, T.S., Van den Berg, H.M., Everard,
D.A., 2000. The South African land-cover characteristics database: a synopsis of the
landscape. South African Journal of Science 96, 69–82.
Fynn, R.W.S., Haynes, R.J., O'Connor, T.G., 2003. Burning causes long-term changes in soil
organic matter content of South African grassland. Soil Biology and Biochemistry 35,
677–687.
Fynn, R.W.S., Morris, C.D., Edwards, T.J., 2004. Effect of burning and mowing on grass and
forb diversity in a long-term grassland experiment. Applied Vegetation Science 7, 1–10.
Gibbs-Russell, G.E., Watson, L., Koekemoer, M., Smook, L., Barker, N.P., Anderson, H.M.,
Dallwitz, M.J., 1990. Grasses of Southern Africa. National botanical Gardens/Botanical
Research Institute, Cape Town.
Gibson, D.J., Hulbert, L.C., 1987. Effects of ﬁre, topography and year-to-year climatic vari-
ation on species composition in tallgrass prairie. Vegetation 72, 175–185.
Harrison, S., Inouye, B.D., Safford, H.D., 2003. Ecological heterogeneity in the effects of
grazing and ﬁre on grassland diversity. Conservation Biology 17, 837–845.
Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric
models. Biometrical Journal 50, 346–363.
Jackleman, J., Wistebaar, N., Rouget, M., Germishuizen, S., Summers, R., 2006. An assessment
of the unplanted forestry land holdings in the grassland biome of Mpumalanga,
KwaZulu-Natal and the Eastern Cape. Grasslands: Living in aWorking Landscape Report
No. 8South African National Biodiversity Institute — Grasslands Programme, Pretoria.
Jagomagi, J., Kulvik, M., Mander, U., Jacuchno, V., 1988. The structural–functional role of
ecotones in the landscape. Ecology 7, 81–94.
Jansen, R., Little, R.M., Crowe, T.M., 1999. Implications of grazing and burning of grass-
lands on the sustainable use of francolins (Francolinus spp.) and on overall bird con-
servation in the highlands of Mpumalanga province, South Africa. Biodiversity and
Conservation 8, 587–602.
Kirkman, K.E., Pott, R.M., 2002. Biodiversity conservation in plantation forestry. In: Pierce,
S.M., Cowling, R.M., Sandwith, T., MacKinnon, K. (Eds.), Mainstreaming Biodiversity in
Development: Case Studies From South Africa. The World Bank Environmental De-
partment, Washington, D.C.
Koerner, S.E., Collins, S.L., 2013. Small-scale patch structure in North American and South
African grasslands responds differently to ﬁre and grazing. Landscape Ecology 28,
1293–1306.
Le Maitre, D.C., Van Wilgen, B.W., Gelderblom, C.M., Bailey, C., Chapman, R.A., Nel, J.A.,
2002. Invasive alien trees and water resources in South Africa: case studies of the
costs and beneﬁts of management. Forest Ecology and Management 160, 143–159.
Li, L., He, X., Li, X., Wen, Q., He, H.S., 2007. Depth of edge inﬂuence of the agricultural-
forest landscape boundary, southwestern China. Ecological Restoration 22, 774–783.
Little, I.T., Hockey, P.A.R., Jansen, R., 2012. A burning issue: ﬁre overrides grazing as a dis-
turbance driver for South African grassland bird and arthropod assemblage structure
and diversity. Biological Conservation 158, 258–270.
MA, 2005. Ecosystems and Human Well-being: Biodiversity Synthesis. World Resource
Institute, Washington (Downloaded from http://www.unep.org/maweb/documents/
document.354.aspx.pdf on 19 June 2013).
McCulloch, C.E., Searle, S.R., Neuhaus, J.M., 2008. Generalized Linear, and Mixed Models,
2nd edition. John Wiley & Sons, Inc., New Jersey.
Mills, A.J., Fey,M.V., 2004. Frequentﬁres intensify soil crusting: physicochemical feedback in
the pedoderm of long-term burn experiments in South Africa. Geoderma 121, 45–64.
Mucina, L., Rutherford, M.C., Powrie, L. W., 2005. Vegetation Map of South Africa, Lesotho
and Swaziland, 1:1,000,000 scale sheet maps, South African National Biodiversity In-
stitute (SANBI), Pretoria, South Africa.
Mucina, L., Hoare, D.B., Lotter, M.C., du Preez, P.J., Rutherford, M.C., Scott-Shaw, C.R.,
Bredenkamp, G.J., Powrie, L.W., Scott, L., Camp, K.G.T., Cilliers, S.S., Bezuidenhout, H.,
Mostert, T.H., Siebert, S.J., Winter, P.J.D., Burrows, J.E., Dobson, L., Ward, R.A.,
Stalmans, M., Oliver, E.G.H., Siebert, F., Schmidt, E., Kobisi, K., Kose, L., 2006. Grassland
biome. In: Mucina, L., Rutherford, M.C. (Eds.), The Vegetation of South Africa, Lesotho
and Swaziland. Strelitzia, 19. South African National Biodiversity Institute, Pretoria,
South Africa, pp. 349–437.
O'Connor, T.G., Kuyler, P., 2009. Impact of land use on the biodiversity integrity of the
moist sub-biome of the grassland biome, South Africa. Journal of EnvironmentalMan-
agement 90, 384–395.
O'Connor, T.G., Uys, R.G., Mills, A., 2004. Ecological effects of ﬁrebreaks in the montane
grasslands of the southern Drakensberg, South Africa. African Journal of Range and
Forage Science 21, 1–9.
133L. Joubert et al. / South African Journal of Botany 92 (2014) 126–133Pooley, E., 2003. Mountain Flowers. A Field Guide to the Flora of the Drakensberg and
Lesotho. The Flora Publication Trust, Durban.
Pooley, E., 2005. A Field Guide to Wild Flowers. KwaZulu-Natal and the Eastern Region.
The Flora Publications Trust, Durban.
PRIMER-E, 2008. PERMANOVA and PRIMER 6. PRIMER-E, Lutton, Ivybridge.
Pryke, S.R., Samways, M.J., 2001. Width of grassland linkages for the conservation of but-
terﬂies in South African afforested areas. Biological Conservation 101, 85–96.
Pryke, J.S., Samways, M.J., 2012. Conservation management of complex natural forest and
plantation edge effects. Landscape Ecology 27, 73–85.
R Development Core Team, 2011. A language and environment for statistical computing.
R Foundation for Statistical Computing, Vienna, Austria ISBN 3-900051-07, URL
http://www.R-project.org/.
Richardson, D.M., Van Wilgen, B.W., 2004. Invasive alien plants in South Africa: how well
dowe understand the ecological impacts? South Africa Journal of Science 100, 45–52.
Ries, L., Debinski, D.M., Wieland, M.L., 2001. Conservation value of roadside prairie resto-
ration to butterﬂy communities. Conservation Biology 15, 401–411.
Saarinen, K., Valtonen, A., Jantunen, J., Saarnio, S., 2005. Butterﬂies and diurnal moths
along road verges: does road type affect diversity and abundance? Biological Conser-
vation 123, 403–412.
Samways, M.J., 2007. Insect conservation: a synthetic management approach. Annual Re-
view of Entomology 52, 465–487.
Samways, M.J., Moore, S.D., 1991. Inﬂuence of exotic conifer patches in grasshopper (Or-
thoptera) assemblages in a grassland matrix at a recreational resort, Natal, South
Africa. Biological Conservation 57, 117–137.
Samways, M.J., Bazelet, C.S., Pryke, J.S., 2010. Provision of ecosystem services by large
scale corridors and ecological networks. Biodiversity and Conservation 19,
2949–2962.Smith, M.D., Van Wilgen, B.W., Burns, C.E., Govender, N., Potgieter, A.L.F., Andelman, S.,
Biggs, H.C., Botha, J., Trollope, W.S.W., 2013. Long-term effects of ﬁre frequency and
season on herbaceous vegetation in savannas of the Kruger National Park, South
Africa. Journal of Plant Ecology 6, 71–83.
Swengel, A.B., 2001. A literature review of insect responses to ﬁre, compared to other con-
servation managements of open habitat. Biodiversity and Conservation 10,
1141–1169.
UN, 1987. Report of the world commission on environment and development: our
common future. Downloaded from http://conspect.nl/pdf/Our_Common_Future-
Brundtland_Report_1987.pdf (on 19 June 2013).
UNEP, 2007. Global Environment Outlook 4: environment for development. United Na-
tions Environment Programme (Downloaded from http://www.unep.org/geo/
GEO4/report/GEO-4_Report_Full_en.pdf on 19 June 2013).
Uys, R.G., Bond, W.J., Everson, T.M., 2004. The effect of different ﬁre regimes on plant di-
versity in southern African grasslands. Biological Conservation 118, 489–499.
Van Oudtshoorn, F., 2006. Guide to Grasses of Southern Africa. Briza Publications, Pretoria.
Van Wilgen, B.W., Reyers, B., Le Maitre, D.C., Richardson, D.M., Schonegevel, L., 2008. A
biome-scale assessment of the impact of invasive alien plants on ecosystem services
in South Africa. Journal of Environmental Management 89, 336–349.
Veen, G.F., Blair, J.M., Smith, M.D., Collins, S.L., 2008. Inﬂuence of grazing and ﬁre frequen-
cy on small-scale plant community structure and resource variability in native
tallgrass prairie. Oikos 117, 859–866.
Vermeulen, H.J.W., 1994. Corridor function of a road verge for dispersal of stenotopic
heathland ground beetles Carabidae. Biological Conservation 69, 339–349.
